An instrument must operate over wider ranges of salinity, temperature, and the parameter of interest than are commonly found in ocean waters. Similarly, the quantitative effects of environmental variables on analytical methods must be known and the methods must be accurate for both seawater and freshwater.
Turbulent mixing induced by winds, tides, and river inflow creates large variations in chemical and physical parameters over relatively short distances. Salinity can vary 10 /oo over as little as 2 m of depth, and surface-salinity differences across rip lines can be greater than 5°/oo (Schemel 1975) . The sampling method is critically important.
For example, high tidal-current speeds require a vessel to be anchored for vertical sampling and the water quality can vary significantly over the period of time required for the casts. As a consequence, data obtained from a STD (salinitytemperature-depth) cast may not correlate well with chemical analyses of samples obtained from a bottle cast.
Our approach to water sampling and analysis in estuaries is largely the consequence of the resources which we have available, our experience with other methods, and our understanding of the complex nature of estuaries. The system and methods discussed here have been progressively improved over several years. Equipment, instruments, and sensors were purchased when possible (Table 1) , but a large fraction of the system was designed and fabricated by our machine and electronics shops. Details of these specialized items are described by Schemel and Dedini (1979) , Dedini and Schemel (1980) , and Leap and Dedini (1982) .
METHODS
A most important feature of the system is that water is sampled with pumps and salinity and chemical parameters are The mention of brand names is for identification purposes and does not constitute endorsement by the U. S. Geological Survey. Water from either pump can be selected at a manifold and distributed to the instruments. In addition, water is routinely collected at this point for several discrete analyses. Some of these are required for calibration of the continuous measurements.
THROUGH-HULL INTAKE
Salinity is perhaps the most important variable in estuaries because it is a measure of the dilution of ocean water by river water. Distributions of many chemical parameters are determined by dilution alone. The required precision is less than that necessary in the ocean (±0.1 /oo is sufficient), but the range must extend from less than 0.1 /oo to ocean values. We were unable to obtain a suitable salinometer specifically designed for continuous-flow operation.
Therefore, a salinometer with a pyrex-glass cell placed through the sensing head was developed. Salinity is verified by discrete samples taken over the range of salinity in the estuary and analyzed with a laboratory salinometer. Results (Fig.4) . (20 March 1978) and in North Bay (30 March 1977) show covariations related to phytoplankton net production and turbulent mixing, and thus illustrate the capabilities of the system. During March 1978, the effects of net production by phytoplankton were observed in near-surface water at Station 25 (Fig.5) . The £C0 2 was depleted to below the atmospheric level (approx.320 ppm) , and chlorophyll a. concentrations were increased. Only small variations in salinity were observed.
Examples of results from cruises in South Bay
Utilization of C0 2 during photosynthesis removes carbonic acid, lowering £C0 9 and increasing the pH. Oxygen is produced by photosynthesis.
The two patches of water with increased chlorophyll a.
concentrations correlate well with increases in pH and oxygen saturation and with decreases in pC0 9 . The seaward patch is approximately 1 km wide and was traversed in about 5 minutes.
The more diffuse variations in pH and £C0 2 are presumably due to the flushing time of the equilibration chamber, which requires 1 to 2 minutes to resolve step changes, such as are observed across rip lines in the Bay.
North Bay
The record obtained during March 1977 is more complex and illustrates the effects of mixing and net production ( On a larger scale, lateral variations in chlorophyll a and £C0 2 were major features observed at that time (Fig.8 ).
Increased chlorophyll a. concentrations were located in the seaward part of the estuary, where £C0 2 was depleted below what would be expected by mixing river water and ocean water (conservative mixing). measurements. Discrete samples are taken at the water manifold to calibrate or check the calibration of instruments.
In the latter case they constitute an independent data set.
These are normally taken on vertical profiles, when the pump is lowered to a specified depth and samples are taken when all continuous measurement readings are stable.
Calculations can be made with some measurements as a cross-check. For example, when salinity, temperature, and two of the four carbonate-system parameters are known, the other two may be calculated (Skirrow 1975) . Suspect data are deleted if calculated values fall outside the error incurred in the calculation.
The continuous-sampling and multiparameter-measurement system has proved to be useful in studies of San Francisco Bay, the Potomac River, and other estuaries. The equipment and instruments are mechanically and electronically reliable and the analytical methods are appropriate for estuarine waters.
